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are important determinants ofsuitability for orthetopic heart ransplantation 
(OHT) that are conventionally assessed by serial dght heart catheterizetions. 
The feasibility of obtaining accurate, non-invasive (NI) estimates of these 
parameters has not been evaluated. Methods: Invasive (INV) measurements 
of TPG and PVR were compared with Echo/Doppler NI estimates in 15 OHT 
candidates (age range 29--59 years, 12 males). NI data included: RA pres- 
sure by IVC size and resplrophasic hange, PA systolic pressure = 4[peak 
TR velocity] 2 + RA, PA diastolic pressure = 4[pulmonaly insufficiency end- 
diastolic velocity] 2 + ~,  PA mean pressure = PA diastolic + 1/3 [PA systolic 
- PA diastolic], pulmonary capillary wedge pressure (PCW) = diastolic BP 
- 4[MR velocity at aortic valve opening] ~z, TPG = PA mean - PCW, cardiac 
output = [transaortic velocity-time integral[[aortic annular area',[HR], PVR = 
TPG/cardiac output. 
Results: 
INV range Mean Z~ (INV - NI) ± 95% conlidence r 
TPG(rcmHg) 3-14 -3.45 4.38 0.93 
PVR(Wood U) 0.09-4,36 -0,85 1.52 0.95 
Both TPG and PVR could be NI determined in 11 patients (73%) and were 
never underestimatsd. An algorithm (NI TPG < 13 and PVR < 4) identified 
80% of patients that were hemodynamically suitable for OHT and excluded 
10(P/,~ of patients with INV TPG > 12 or PVR > 3 (p < 0.02). Conclusion: 
Accurate NI determination ofTPG and PVR is feasible and may obviate the 
need for serial right heart catheterizations in many patients awaiting OHT. 
8:45 
Simplified Assessment of Pulmonary Hypertension 
in Heart Transplant Candidates 
Randall C. Starling, Garrie J. Haas. The Ohio State University, Columbus, 
Ohio 
Elevated pulmonary vascular esistance [PVR] is associated with poor out- 
come due to right heart failure after cardiac transplant [TX]. Acute administra- 
tion of vasodilaters ere typically utilized to assess PVR. The purpose of this 
investigation was to determine the effectiveness of sublingual nitroglycerin 
[NTG] to evaluate PVR in prospective candidates for TX. Twenty-six patients 
[pte| mean age 55 years with congestive heart failure [CHFI referred for TX 
evaluation with pulmonary artery [PA] systolic pressure [sys] > 50 mm Hg 
received NTG while being hemodynamically monitored, Comparisons were 
made with 23 CHF pts mean age 52 years that received sodium nitreprusside 
[SNP]. Mean SNP dose was 2.g -4- 2.1 mcg/kg/min and mean NTG dose was 
0.55 mg. The mean duration of the studies was 50 rain. for SNP versus 23 
min. for NTG. 
NTG NTG 8NP SNP 
base peak base peak 
PA Sys 67 48 [28] 71 40 [31 ]
PA Mean [PAM] 44 34 [24] 48 34 [29] 
P,'~ Wedge [PAW] 30 22126] 34 22 [32] 
(PAM-PAW) [TPG I 14 12 [14] 14 12 [12| 
PVR WOOD UNITS 2.7 2.2 [12] 3.0 1 5 [46]* 
SVR dynes-see-era -5 1383 1200[12 | 1404 713145|* 
CARDIAC OUTPUT I/rain 5.5 5.7 [5] 5.2 8.1 [35]" 
MAP 88 86 [2~ 84 71 [1(]]' 
HEART RATE 84 84 [01 94 94 [0[ 
*% change NTG vs SNP p < 0.01. [] percent change. 
Similar declines in PA sys, PAM and TPG were observed with both drugs. 
However, SNP resulted in significantly greater changes in cardiac output, 
SVR, MAP and WOODS units. We conclude that NTG provides a rapid 
and effective alternative for assessing the reactivity of CHF pts with PA 
hypertension. NTG has minimal systemic effect in CHF pts. The TPG is 
red,ced but significant reductions in TSVR and MAP are avoided. 
9:00 
F~"6- '~ Development and ProspeeUvs Validation of e 
Clinical Index to Predict Survival In Ambulatory 
Patients Referred for  Cardiac Transplant Evaluation 
Keith D. Aardnson, Tze-Ming Chen, J. Sanford Schwartz, Donna 
M. Mancini. Columbia.Presbyterian Medical Center, New York, NY 
Setsctlon of cardiac transplant U'XP) candidates i  based on measurement 
of pmgnoetio vadablas in CHF and secondary exclusion factors. We derived 
an objective preTXP risk-stratitication system from multivariable analyses 
performed on 268 patients referred to the U of Penn (HUP) from 7/86- 
1/93, and validated this on 204 patience, referred to Columbia (CPMC) from 
7/93--9FJ5. Over 80 variables were prospectively collected: history & phys- 
ical, chemistries, cathatedzaUon data, exemise testing with respiratory gas 
analysis, MUGA and ECG. Patients were follow~ to death; UNOS 1 TXP 
(analyzed as death); UNOS 2 TXP (censored) or alive. Kaplan-Maiar 1- and 
2-year survivals were 74 :E 3% and 61 ± 4% (HUP) and 60 4- 4°/= and 39 d: 
6% (CPMC). Cox modeling was performed on the HUP data set to develop 
"noninvasive only" and "unrestricted ~ (i.e., best combination of nonlnvasively 
& invssively determined variables) models, The noninvasive model included 
ischemic etiology, LVEF, HR, mean BP, QRS >_ 120 ms, peak VO2, serum 
sodium; the unrestricted model was the same except PCW was used instead 
of serum sodium. Model discrimination was determined by calculating the 
area under receiver operating characteristic curves for 1-year survival and 
were as follows: 
Model Cross-Validation (HUP) Validation (CPMC) 
Noninvasive model 0.79 :E 0.03 0.76 :E 0.04 
Invasive model 0.814- 0.03 0.73 :t: 0.05 
In conclusion, a model incorporating seven nonlnvasively obtained clinical 
vadabtss was prospectively validated with good discrimination, Addition of 
invasively determined information did not improve model discrimination, Th!s 
model provides a practical method to improve the objective selection of TXP 
candidates. 
9:15 
~ C o s t  Effectiveness Emission of Positron 
Tomogrephy (PET) in the Management of Ischemlc 
Cardlomyopathy Patients Who Are Referred for 
Cardiac Transplantation 
TaD H. Duong, Gregg Fonarow, Hi,el Laks, Pooneh Hendi, 
Johannes Czemin, Michael Phelps, Heindch Schelbert, Jamshid MeddahL 
UCLA School of Medicine, Los Angeles, CA 
Cardiac transplantation (TX) in patients (pts) with advanced ischemic car- 
diomyopathy (ICM) and heart failure is limited by a high cost, donor availabil- 
ity, and a high mortality of wait listed candidates. Since Positron Emission 
Tomographic (PET) pattern of myocardial parfusion-metabolism " ismatch" 
has been shown to be predictive of the potential for improvement of LV dys- 
function, heart failure symptoms, and survival after CABG; we hypothesized 
that a PET based decision algorithm in TX candidates identifies a subgroup 
of ICM pts who would be referred to CABG as a less costly alternative to 
TX. ACcordingly, 112 lOtS with ICM {LVEF < 35%) and heart failure who 
were referred to UCLA for TX evaluation underwent PET. In 38/112 pts, 2 or 
more areas of mismatch were identified. Of these 38 pts, 30 received CABG 
rather than TX and 8 underwent medical therapy (MRx) because they had 
either poor coronary targets or refused surgery. O1 the 74 I~ts without PET 
mismatch, 33 had TX and 41 received MRx. Oedoperatlve mortalities were 
similar for CABG and TX (10% vs, 6.1%, p = nsi ~}f note, the 5-year actuarial 
survival rates for pts who received CABG and "(X were also similar (71.4% 
vs. 80.1%, p = ns) and were both significantly higher than that of MRx pts 
(42.4%, p < 0.05). Based on the average cost for PET, CABG, and TX (in- 
cluding the initial and follow-up costs) at our institution ($1,900, $50,000, and 
$200,000, respectively), the PETdriven decision algorithm in management of 
our f12 TX candidates incurred $212,800 cost for PET studies but, resulted 
in diverting 30 pts to CABG ($1,900,000 cost) from potential TX ($6,000,000 
saving); a net total sav;ng of $5,887,200 or $.34,707 per TX candidate. Thus, 
a PET based decision algorithm in the management of cardiac transplant 
candidates identities asubgroup of pts who could undergo CABG rather than 
TX, at a substantial cost saving and with similar peri-operetive and five year 
survival results. 
9:30 
~-~ Does Pre-Existing Donor Heart Atheroscleresis 
Lead to More Transplant Coronary Artery Disease? 
A Prospective Study Using Morphometrle Analysis 
of Intrecoronary Ultrasound 
Jay A, Johnson, Jon A. Kobashi3awa, Lawrence Yeatman, Jeffrey G. Cart, 
Kevin D. Tresian, Alejandro Sabed, Lianne S. Wener, Davis Drinkwater. 
Hiltsl Lake. Univarsily of California, Los Angeles, California 
Due to donor shortages in heart ransplantation, older donor are being used 
more frequently, et the role of pre-existing coronary artery disease (CAD) in 
the development of transplant coronary artery disease (TCAD) has not been 
well established. Previous studies with intracoronary ultrasound {ICUS) h~ve 
been done using <_ 3 sites/patient and may not accurately assess TCAD. 
We identified and followed 17 transplant patients (Group 1) with a baseline 
(6-8 weeks after transplant) mean maximal intimat thickness (MIT) _> 0.3 mm 
using intracorenary ultrasound (ICUS, 2.9 F or 4.3 F, 30 Mhz). Quantitative 
ICUS was done using morphometde analysis (10 random sites/patient) of 
the left anteflor descending artery at baseline and 1 year. This group was 
compared to 31 transplant patients (Group 2) with a baseline MIT < 0.3 ram. 
Computedzed planimetry was done to obtain the f~!lowing measurements: 
JACC February 1996 ABSTRACTS- Oral 145A 
MIT, intimal area (IA), lumen area (LA) and intimal index (11 = IA/IA + LA). 
In the first year after heart transplantation, there was significant progression 
of disease in all patients. There was no difference in the progression of 
disease between group 1 .~nd group 2 (see table). Regression analysis 
showed no relation betwezn baseline TCAD and progression at one year for 
all measurements (R ~ = 0.0, p = ns). 
n AIA (ram ~) AMIT (ram) All 
Group 1 (beseline MIT > 0.3 ram) 17 1.2 ~: 1.3 0.14 ~0.12 0.062 ± 0.05 
Group 2 (baseline MIT < 0.3 ram) 31 1.1-*-1.2 0.15 d:0.14 0.078:1:0.09 
Conclusion: pro*exi.~ting CAD does no*, oppoar to influence the progressinn 
of TCAD as assessed by moq~homalric analysis of ICUS in the first year after 
heart transplantation. 
9:45 
~Two Year Follow-Up of the Functional and 
Morphologio Adaptation ot Undersized Donor 
Hearts Following Cardiac Transplantation 
Paul J. Mather, Valluvan Jeevanandam, Ileana L. Pit,a, Kenneth 
B. Marguties, Howard J. Eisen, Alfred A. Bove. Temple University Schnolof 
Medicir, e, Philadelphia, Pennsylvania 
We analyzed the abilily for growlh of 14 undersized, and 14 normal sized 
donor hearts over a peri~J 0f two years after head transplantation. Donor 
to recipient weight ratios were 0.53 ± 0.06 for small hearts, and 0.98 ± 
0.05 for normal sized hearts. The left venthcular chamber sizes including 
the diastolic (LVd) diameter, and left ventduJtar mass(LVM) were obtained 
by M-mede and two-dimensional echocardiograbhy. Measurements were 
obtained before procurement, at 10 weeks, and then at eix month intervals 
pest orthotopio heart transplantation. 
lO Weeks One Year Two Years 
Undersized Non'~al Undersized Nomla! Undersized Normal 
LVM.gm 245:t:24 164:L-48" 240:I:32 156:L-40" 233=t:34 172:1:38" 
LVd-cm 3.72:1:0.7 4.33:b0.9 4.81:1:0.5 ¢52-¢-0.6 4.78:L-0.6 4.61:L-0.5 
VO2 13.9-'~.2.1 14.6:]:3.4 18.6:t:3.5 t 20.1:t:2.91" 23:L-4.9 t 24.9:~41 
PVR 3.6:1:0.6 2.5:L-0.6 2.8:L-0.6 2.6-~-0.6 2.8:L-0.5 2.4:t:0.7 
*p < 0.05 (comparing normal to undersized hearts), fp < 0.05 (within the groups), PVR 
= pulmonary vascular esistance (wood units), VO2 = oxygen coffsumption exercise test 
(mVkg/mtn). 
The increase in LVM, and LVd in the undersized hearts suggested that 
the left ventricle adapted to the larger recipient circulation over time. The 
functional capacity of the two groubs were not significantly different. Despite 
denervalion and a mismatched load, transplan~=d hearts adapt appropriately 
to their new hemedynamic milieu, thus suggesting the cardiac donor pool 
can be expanded to include undersized hearts. 
Head Variability C~ini ~ ~ Rate 
Tuesday, March 26, 1996, 8:30 a.m.-10:00 a.m. 
Orange County Convention Center, Room 414C 
8:30 
1_737-11 Different Patterns of I~art Rate Variability In 
Patients Suffering Sudden Death While Weadng 
Holler Monitoring: The Role of Concomitant ST 
Segment Changes 
Andrea Pozzati, Leonardo (3. Pancaldi, Giuseppe Di PasqucJe t, 
Gluscppa Pinolli t, Ralfaele Buglardini a. Cardiology Section, Bentivoglio 
Hasp., Bologna, Italy, ~ Be#aria Hasp., Bologna, ira;y;2 Un~. of Bnlogna, 
#a/y 
Aim of the study was to investigate the relationship between sudden death 
and head rate variability (HRV) in lots with ischemio head disease (IHD). 
We analyzed tha tapes o! 10 pts with IHD suffering sudden death during 
Haltsr monitoring (HM): 6 pts (67 :t: 7 yrs) with angina as wall as "ischemtc" 
sudden death (ISD: ardlythmic death preceded by ST shift), and 4 pts (70 
:l: 10 yra) with ischemio c3rdiomyopathy but not ST changes before the fatal 
anhythmla (ASO), Two matched groups of pts with IHD ~,dlo undenNent HM 
were used as con~rels: 18 pts with transient myocardial ischemia (G1), but 
not ventricutsr arrhythmlas, were compared to ISO; 12 pts with non sustained 
venfficular tachycardia (G2), but not transient ischemia, were compared to 
ASD, Anhythmias, ST segment ard HRV ware analysed by a computized 
interactive HM system. All stKJden death pts showed venthcuiar tachyanhyth- 
mias as their lerminai event; pts with ISO showed ST depression starting 49 
:1:36 rain before sudden death. SDNN (sd of normal R-R intervals) in ISr3 
was 102 • 20 ms, as assessed by the overall 10:1:7 hrs of HM, whereas 
it was 58 ± 15 ms and 31 ± 9 ms (p < 0.01 vs the initial 5 rain time pe- 
riod), respectively I hr and 5 rain before the onset of fatal ischemic ST ~' .itt. 
Comparison with GI pts showed a significant difference only 5 min before 
ST shift (31 :t: 9 ,/s 56 ~ 30 ms: ~ < 0.01). In ASD pts SDNN dudng 9 ± 4 
hrs of HM was 61:1:21 ms (p < 0.02 vs ISD), whereas it n~easured 70 :l: 37 
ms and 43 :t: 20 ms (p = ns), respectively I hr and 5 rain before the onset of 
ventricuiar tachyarrhythmia. ASD group had lower SDNN values only during 
the overall HM period, when compared to G2 pts (130 :E 31 vs 61 ± 21 
ms: p = 0.001). In conc;usk,n: different patterns el eympathovagal imbalance 
may be found in pts with IHD suifedng sudden death during HM. Indeed, 
an abrupt decrease of HRV may trigger tara t c~'rhvthmias in I$D pts ~ i.e. 
with COncomitant transient myocardial is~em;a-, wherea,~ pts suffering ASD 
show a low HRV during overall HM. Analysis of HRV indices could be useful 
¢o understand the role of autonomic activity in the occurrence of sudden 
death. 
8:45 
A Mathematical Model  fo r  Anah/zing Sinus 
Arrhythmis 
David P. Slovut, Richard B. Moeckel, John C. Wenstmm, Julia Royd, 
Betty Hansen, Jerome H. Ab,-ams. University of Minnesota, Minneapolis, 
MN 
Objective: To quantify the respiretop] component of sinus arrhylhmia for 
innervated subjects and head transplant recipients. 
Methods: We recorded the raspiretory cycle and EKG dudng spontP- 
neous respiration for 10 healthy innervated subjects and 11 non-reJe~ing 
head transplant recipients (denervated subjects), Each recording averaged 
3,5 minutes. Inted~eat (RR) futervals were normalized I~ subtracting the 
averege heart rate per lang cycle from the instantaneous heart rate. Phase- 
P~spon.~e curves (PRC) comprised of lung phase versus normalized head 
rate were constructed. Lung phase ranged from 0 ~ (start-inspiration) to 3609 
(end-expiration), A trigonometric function was fdted to each PRC and useO 
tO assign an amplitude and pl~tse to the sinus arrhythmia. Correlation coeffi- 
dents were calculated to quantify the goodness of tit between the PRCs and 
the trigonometric urvas. 
Results: A high correlation was observed between PRCs and the tl"igono- 
metric curves for innewated (~ r = 0.74, std = 0.13) and denorvated (p r 
= 0.75, srd = 0.16) subjects. A t-last shewc'3, rm sip.nirca,~t difference in r 
value between groups. For both groups, inspiration was associated with an 
increased head rate. In 9/11 transplant patients, the maximum head rate oc- 
curred earlier in the resoiratory cyCle than for the innervated subjects (mean 
phase angle 1060 vs 175 ~, p < 0.001). The lemaining transplant patients 
showed decreased head rate with inspiration. Innervated subjects shcwed 
marhedly greater heart ;ate variability than transplant patients (m,~,,n 6.8 
beats/min vs 0.87 beats/rain, p < 0.00:~, 
Conc/.*~,~n: Healthy innervated subjects and heart transplant recipients 
demonstrate predictable, phasic changes in head rate with rasDiration that 
can be well-approximated by a simple trigonometric function. The use ::f 
PRCs in charac!.erizing normal cardiopulmonary interactions ,'nay improve 
our ability to diagnose cardiac dysfunction and cardiac allograft rejection 
noninvasively. 
9:00 
~ Heart R~te or Heart Rate Vaflability for Risk 
Stt~iff~tion After IVlyooarclisl Infarction? 
Xavier Copio, K~.tedna Hn~tkova, A~,* <;taunton, Lu Fei, A. John Camm, 
Marek Malik. St George~ Hospital MeL..;,al School, London, UK 
Heart rate variability (HRV) Is a powedul tool for risk stratifioation after 
myocardial infaction. Although, HRV is related to heart rete, little is known 
of the predictive value of head rate after myocardial infarction. 
Methods: We compared the power of left ventficular ejection Iraction 
(LVEF), HRV, and moan RR interval for the prediction of all-cause mortality, 
cardiac mortality, and sudd~'~ cal lao death in 579 palients after myocardial 
infarction. Mean RR interval and HRV index were computed from predis- 
charge 24-heur Hotter recordings. 
ResuftS: During two yearn of follow-up, there were 54 deaths, 42 of which 
were cardiac (26 sudden). Shader moan RR interval was a oelter predi~or 
of all-cause madaiity, e,~ well as cardiac and sudden death than depressed 
LVER Det0rass,~, HRV peri l led the risk of death better than mean RR 
interval for sensitivities below 40%. For sensitivities above 40%, mean FIR 
intenral was as Dowedul as HRV. For cardiac death prediction, a LVEF < 
35% had a 40% sensitivity and 14% positive predictive accuracy, HRV < 
17 units had a 40°/, sensitivity and 20% positive predictive accuracy, and a 
:A  
